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(54) OPTICAL CROSS CONNECTOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical cross 
connector in which a wavelength channel for wavelength 
conversion is compairatlvely freely set. 

SOLUTION: Branching elements 10a-10c separate an 
input wavelength multiplex light into optical signals of 
a single wavelength channel and lead them to respective 
output ports. First and second optical switches 1 4a-1 4c, 
16a-16c are provided with first, second third, forth 
ports and optical switch elements respectively, and lead 
Input optical signals to prescribed output ports. An 
optical connection 18 couples the third port of the 
first optical switches 14a-14c with the third port of 
the second optical switches 1 6a-1 6c. Coupling elements 
12a-12c couples the input optical signals and lead them 
to output ports. A wavelength conversion section changes 
a wavelength channel of the Input optical signals and 
leads the changed signals into prescribed output ports. 
A wavelength routing section 22 leads the input optical 
signals to prescribed output ports. An optical signal 
outputted from a wavelength conversion section 20 is 
give to the wavelength routing section 22 via the second 



port the first optical switches 14a-14c and the s cond 
port of the second optical switches 1 6a-1 6c. 
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(54) [56WO«»] jti'PJ^n^i'hSIt 



(57) (tfiEW) 




I 

^^LTBfj|Sffi;^J>}^- htc*< h<DXh ^ . 

WiaJSft/U— TH'^^iJ^SPtl. (N-l) fli<^A:^'5^-b 

tl^m<0^ti^-—Vt^^7i.X\^^X. :LixhXtiyf--V 
l3iA:^-r65t{t^Sr^^cOH&|2ffi;^7^- hlcJg< tOT- 

«F|5t^A;^5j^-h<t<50P^1. ^mi3t;^^:yf-<^«27K-h 

ISRff ^CO^ 1 2 Tjf- h J: O^HfJEBff ^(0 

m 2 5t;^-Y 5/ 2 tK- h Sriio TmJfBiSfi/^--^ ^ 
v>/S!5(DA;^^- hi::A;t;i"6J:5(wflf^tTfo5r ^ 



(2) ^mWl 1 - 1 7 8 0 1 8 

2 

y^t^M.z.X:fs^. 

-hti:M:K.x\^^x. ztihXt)n(-h{zAtii'^^iB 
T^iELTflijEffi;^^- h(Diti^i^{z,m< h<r)X^ 

fJEiKft^«^^^t^. 1 <®<^A;^/>K- h <t 1 m<o^:h^^ 
- h(^$r*x.rv>T. ^A;^^- M:iA;^'r^5t{t-^c^ 

SftlSM3}t;^'f NecoA;^3K- h i: (N-i) 

S&E;^t5'-:fr:7'7<^A;^3K- h:^*ctUJB(ii5M3^;^-r ^/ 

i(? [ft*JS3] t»*«2{;i|B«c03fc^n;^3;^:^ 
ilElg3 3t:^^5/^li^ 

Bfria)fe;^^:y^5i^*i> ifla^T^A;^^-- ^i: (n-d 

'57felt^4:M5E^Ofl5Effl^'1^- ht^*< h<OXM . 

h^^ix^:*lx||3 3t;^-< :x^(^A:^>i<- h*3ctl/ 



-2- 



mt&m4^:^^ -y^it. (N- 1) fliroA::'3'1^-^i:N 
n^'nm^f^-y'^ v^%<r>K-hif^- \-ii^n^-f)if-- 

(N-1) (a(^3t;^'l' 3/^SI^i:Ni@<0*7'7t?r*x 

jH- h t ^^iTv^T. ^A;^^- M'A;^!-!-?))^^!^ 

BfilE;*y^7H. (N- 1) i@»A;'3^- ilBi^tti;'] 
jK- htSrAxTV^T. rtbbA;^]'K- Mc:A:^-r55t 

tii;^jK- hit, 

tfilBjfe^'i' s'f'iliSi^m;':^- b iflfrfa:*^7<75A;b^ 

BMie5^&«^i±. ifiroA;ti^-biNffi (Nli2i^A± 
A*-t-'5«Eft#fi3t*e/»<om-»:^^^r^/K^*ft-§- 

friHm 1 *J J; 2 3fe ;^ -< y 5^<^#><f tt. 

NfflOMl Jjf-bi:Nfiro«2 7K-hi: (N-l) fiO 

^*i:N^aro^2)t;^•^'5'f'lligt (N-i) eo;*?^ -/o 

m^%2%7^^ y=f-m:mt. H@(75A;(3*- (N- 
1) fiwai;^'i<- hiSr^;trv>T, KA;^'K-HCA 

0. 



A;'j$n-5J;eii:itTfo'). rtue)A;'3$nfc3tffi-§-?r 

gflEmi 1^- Vtm^W. 1 3t;^l' y^ll^(75A;'3'J^- K 
h<r>fSi. fI|£^4^-h<!:WIEi5l3t^-i'2'^il^'^ai 

t«r:irX.TV^T, r.*tibA;*#- HwA:^)1-«>3t«*Sr 

ht^IrXTV^T^ rttfjA;'?'}^- ^^-A;^•t-5?t^t■§■ 



5 

#Jfa;*7^7»t::JR1-S«-^l:^:^^S:* t«6T. 2N<@ 
[iS*JS 1 0 1 ^^m^. ^^m'F. fS 1 5t^>f :y 

mmm 1 2 5t;^-r ^y^(D^^ ^t. 

Nm(r>mi7^-ht (N-l) fi(D^27K- 

m3;Jf- hi:Nfi0D7t;^-r :y^M^<k (N-l) m<om 

tb\^\^X^^. Z.flh7^t^^Mc%\B^^'tjt^\^X. 

torn. :}sxumm^:^^ y^mm(omt}yr^- h tntiu 
^^LTSUEai;^^- V\zm< h<oxh ^ . 

mmi^^^mt,. niis^da;^^- h t (n-d fi<^ 

V\zm< h(DX^^. 

^(DAti^^-Vt<om. i6^xy^m\^^m2iJ-fy(DAt\7i'^ 



(4) ^mW- 1 1 - 1 7 8 0 1 8 

6 

U^X'if^^LXh^ . 

WSii'^(0%2l3-:fy<r>Kti^--V^m^Xm^m^<r>m 
2%y^^ yf'(D^27f^- hlcA^-f^J: e»(::«l^t-Cfo 

m^^l 1] tt*«l OlwE«cCO)t^n;^zi^.^ h 

-hi:SrI:X.Tl^T. rHibA:^^1^- >lcA;^-r^>)fefS 
x^&LxmBm:ti^s- h(0^tii*ti{z.m< ii(OXh 

20 mJlSiSfta^ft^^tt. 1 fi<7)A;^^- h 1 1 flicom;^^ 

- hi:^A;tTi>T. g^A;^^- M-A;^i-^7tft^^0 

h ta ;f? ^ i^: 5 1 CO '9 . 
Safail3 3t;^-f ^/f-ti. N<@oA;/33K-hi (N-l) 

m(Oltitiyf^-ht^M.x,X\^^X. ztihAt}^^-h\zA 

t}-r^^it^-^m'&(ommm:brs- h{cm< i^(Dxh 

30 :}S^X/mt}yf^-htL. 

^^7-<;U'^OA;'j>K- h;d5j^^^tt-r*5'9. 
jKfiS^^-7-(7)A;^^- h/05«£^$ttT*5«9. 

[^*3I12] ft*3Sl llC|aic(^)ti5^cr;^='^i5' h 

NfBco)t:^>f :y^S^t (N- 1 ). et^:^:/^ 
T4b^'9. 

HuE^t^^ ie(DA;^j>K- h<b (N-i) 

^^k.X\i^X. me>A;^/K- hl-A;^1-^7fem-^^^ 
50 h^-tH^'nm3)fe;^^ y^(n>A^if-- V^^x^ 
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[00 0 1] 
[0 0 0 2] 

f±\ SriSfc irjournal of Lightwav 
e Technology, Vol. 14, No. 6, 

pp. 1 4 1 0- 1 4 2 1, 1 9 9 6¥7.^J (C^^^ 

mw. (±123:1^1 cop. 1 4 1 7i::Ett©F i g. 

[0 0 0 3] 

[0 0 0 4] U-oX. '^MX'O. Kg^lft5^^f 
[0 0 0 5] 

ro8Sc) nmti^-h ti:MrX.X\/^X, roA;^^-> 

ti:i<-hl,zm<h<r>Xh'0. mi*5j;tJ5m2.3t;^-1' yf- 
(D#-«rtt, N|i<0^ 1 jK- h i 1 fflOjg 2 *f- h t (N 
-1) <iro|g3 5K-hi HB(^^4*-hi:NiBW3fe;^ 



(5) #^¥1 1 - 1 780 1 8 

-eifg^uT«fieL. ^mmmt. %\ft7.^ y^n^z 

^fiTf^-Vk^^7LX\^^X. Z.f\.hXtl^^--V\^Xti-t 
i,%m^^'^i&\^x^ts^--V\^M'<.h<r>x-h^. iSfi 
agiftWtt. N<iOA:^5J^- hi (N-1) firottJ;/33K- 
htSrft^TV^T. rixe.A;^)^- H^A;^1-^3tff ^ 

ffct). iSft-'i'-x-^^'^lSili. (N- 1) i@WA;'3'l^ 

fcO, ^^comi^t;^^ ■;'^<^«4/1f-hi:iSft^i^6C 
<da;^jK- hioiBj, r.<^Si3t;^'i' ■>5'<7)|g2!K- h 

i oFbI. fc- 2 3t^-r •yf'com 2 tK- t- i: r 

20 mxm'khxh'o. m^^mu<om^n(-]^i)^htiitiL 

m^(Of^ 2%7.'< y^<D$^2 jK- f- Sriio TiS-S/l'-T" 

^ y^'gBOA;'^'!^- n;iA;^-r^>J; pt-«^i--cfo6c 

[0 0 0 6] tSoT. S5:#*3t5r«-« 

/K!53t<t-§-(±^ 1 ^t^-r lyf^io^i ^- hirA;'3-rs. 
IB 1 at^-f y f^tt, 1 'i^- K l-A;^ Ufcjtff^ro:^ 
K^iSS'Jlc^^L. #||37K-hfc±Otm4jK-K'l±S 

jioT0fS(Om23t^'f yf^W^S^-hlciPJ^o *U 

^0»l;K-Mcjg<. 
[0 0 0 7] ||13t^-1'-yf-0^4JK-K;iiSd^ 

(r>%zifs-\-\z.mfi^fii. ^tr, ^i3t;^^5'9'(^^ 

n*itfS#Sr0f)e©f[iJl^-M-li9»(t5. •g-ftS?^ 
li, 2 Jt;^ 'T y^cDS 1 Jl^- h e> ai>3 $tl«3t{S^ 

[000 8] i^oT, Z.<r>W^<D%^aX::i^i; ymm. 

X\-i. ^^^^^U<nifi-vm^m\lXi^W:^\^i'^o1& 

50 :g:'3^Y^/^^^tlS?Wi^l-i^;^•t■5wt*5-C•#5, 
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[0 0 0 9] :i(r)Wn(D%^^:^^^^ y&m^^^' 

:L(D^jSLLtz%\t^^^'^v-[zm\^x^^\.x^:hif^- 
<DXti^^-ht\mo:>^f)^^-Vt^^7LX\^^x. ^(O 
/i^(D^in^imi}iLXti!it}^^- h\z:ltitJ ^'t^h(OXh 

U!»3*>^>< :y^<^ffi;'j'K- h^-^ix-ettj^* ^1^135 

iX'?tu<@SiJ<^iKft^ift*i^<^A;^^- h;d5jg^A^^-^^. 

[0 0 1 01 fito-r. mi7t;^^:y^<^m4.K~M:iab 
;^i^tbfc^«^ii;^i?^-:*7^7l^A;^i-^o ^.^-i^-f 

$n-5o T.^-li'fyt^hmti^Mz.'m.. -er^^^yw 

(r>m}if--Y\zM'h^f\^x^ y^<n% 
loo 1 1] ^/c. r<^«?^co3t^n;^34^^^ hiSWc 

.y^g^^ (N-1) <!:^:ir;tT:fo'9. 

^^e>A;^5K- h(cA;^t-67feff^^^*tTai;^i^- h 
{C2^< 4)(DT-fc^). ^;^^:yf-^^coA;^?Ji^-hiSJ:t>* 

V tl^'fy(DX:h^^- V t(Dm^mSMx'i&^LXh^ 
[0 0 12] roJ:9lc«fi£UTfc-5<OT\ 



(6) 1 - 1 7 8 0 1 8 

10 

9f 3t 1 5t :y 2 h is i U^S 3 h 

[0 0 13] ifc. -CO^^^C03t^c3X::I^^^ h^^gl^ 

;^^iy^^^*;tT*>i9. ^4*;^-r ^/f-ii. (N-l) 
m<OKt)^^-Vtl^mo>^ti^-''Vt^^^X\^^X. r 
ix?5A;^;?K- McA;^*r^)feiH#^^^ tT^:£(7)ai;^ 
7fs-Y\c^<h<OXh^) . m4 3t;^^ :y^^7)A;^^1^- h 

10 0 14] 

iol^T. *fSL<(i. (N-1) ill 

lffl<^A;'j>J^-hi:NfflcDm:^'i^-hi: 

^rA;tr»/^T, rcOA;^4^- M-A:tf1-57feft-^^^^ 
(om;^/^- hl^2^< 'b<^Xfo«9. ti'fy\%. (N-1) 

20 ne>A;^^-ht-A*-r^3t<t#-S:^^!ctTm;*^-h 

[0 0 15] z,(D^o\mjtSL\^xhh(DX\ y^2%y^-< 

[0 0 16] S^. :L<r>W^<D^{/X2y.::i:^i7 Vmm^ 
*5V>X. »iL<«. 3tSfiK6B4:3t7r-f^<-e«R£LT 

[0 0 17] ifc. :i(D%m<D%i^u:^::x:^^ y^mz. 

Jctitf. -g^K^?. |gi*;^^!yf^. «2^ 

fc^t^^xio*:), ^iS^^ii. Hli(7)A;'?^- htN<@ 

(Nti2i^±<DS^) com;':?J^-h^Sr:SrX.Xl^X. r 
40 C0A*2K- !> tcA;t|-rS«[ft#fi3t 

2%y^^ N<@C7)^1 /K- h<^Nfl§(D^2 

/K-hi (N-1) <@(^^ 3 4^- h<i: 110(7)^4 h 

i N<B*^m 1 3t;^-r y^mm t Nsom 2 jt:^>f 

mt (N-1) <@C^;^7'7g¥i^:i:XX*D^. «13t^ 

-r^f-^^tls H@(?:)A;^?J^- N<bN<®(^ai;^^- hi: 
^A;txv^x. rcoA;^?i^-hi-A:;^-r^^<t#^RfT^ 

50 Ji, lfiOA;'3^-hi: (N- 1 ) ia<Dttl:^7K- h t 
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/; 

iusm 1 t5i:U5SI 2 Jt^^'f .y^S^Wffl;^^^- h t m 1 

iSr:irX.-Ci/^r. rtiC>A:^jK- H::A:^)-t-53fc«-§-S: 
mf5A;^'K- M::A;'3i-2>3t«-§-«>i8[ftf--lr^/w«r^ 

^<om27ii~-h^m'ox^mm-^<Dm2^^-^ y'f-nw, 

4 ^- hCi A:^-f i ^ L T * S r t Sr1#m i: -r 
[00 18] z.(n^o\zM^\.xh^<nx. 

[00 19] r(O^WC>7fe^n^=i;^;i^ h^E(C 

<r)iiit)yf^-ht^:M.x.x\>^x. zn^T^tirs- 

;^^-*:/yOA;^4^- h*5J;t/Kft^lfe^^<^ 



(7) 1 1 - 1 7 8 0 1 8 

12 

mfiSiJ<7)nI^7-f/U:?(DA;'3>J<- hj55*£-g-$ixTfc • 

[0 0 2 0] Sfc, ro^^gojt^ n;^=i^.^' hSgg;;i 
fcv^T. SfSU<(4. *:/78ll-iS-t5«-lll*^7Sr 
^ifeT, 2N(BwA::'35K-hi HB<Otti;^)jK-hi:^r 
A^fcl{*«it<0«2*y7i LT«fi£tTfe^OA5a 

/o [0 0 2 1 ] )tSii^gP^«lB)c-r 
7 r >'^#<^)tS8S^Sr'>'i < -r S r t TJST-t^ 5. 
[0 0 2 2] Sfc, iO|gegro3t^n;^=3^^ hi?gg(C 
^^mi-. Hi 3t^^ s/f", M23t 

jK-hiNlB (Ntt2et±(r)eiS) coffl;^7K- h i iSrA 
x.TV^T, rcDA;^5K- hlcA;'3'tStffiS#S*Sri®^ 

t (N-1) <B<73fB2d<-hi HBom3 3K-htN<B 
cD3t^l' i/f-^l^i (N-1) fiiD»l*7'7t5rAx. 
T*JI3, *;^'rs'f^^«H, H@OA;^J}^- hiNfiO 
ai:^5K-hi:Sr*^TV^T, r OA;/j!!K- M::A:^l-r* 
3t«-§-*^:tcoffi;^3K- M;i3Sl < t) ro-cfc t) , |g 1 7' 
7(4. N{@coA;^i'J^-ht ifioffi;/7^-hi^ax.T 

«;i^e>ai;^$i%2>3t«-§-3i5A;^j J; 5 1- LTfe 0 , 
rHP>A;^^tuy!:it«#«r^fiKUT, «-Sgl*7'70ffl 

13, ^l7K-bi:3t;^-Y2/'?^S*<OA;^5K-h<!:<D|g, 

(i, mi7t;^'f •;'^rom2^-hi:H2 3ty^'f i/f^oH 
2/-}^- hioftl^, W,2ti-fy^iK\^X^%-tTb%W^ 

-Fi5:*x.TV^T, rixt^A;^?}^- KcA;'3-r53t{t 

40 (4, N(i(0A;'3'K- Vb (N - 1 ) f@oai;'3'K- h i 2: 

=i-^^)\'-^^'%\.X'^-^<0^1^if-.- V\zM< -bWT-fo 

X-hif^-\b<r>'^. i6XX^^2:ijyy(DAtin's-hti$. 

W&<r>W,2i3^7<DKt)yf--V^moX-^-^<r>W,2 
%y^-^ y^(n^2 7f.-v\cK:h-t^i:.o\zm^LXh^ 

50 [0 0 2 3] ^(Diio\z.mWL-ti>b. 3tS8£la5Sr«fiKi- 
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(8) 

13 

[0 0 2 4] Sfc. Z(omm<o^^u:^=i^^^ hS^Si^ 
^ - (^^* L7t3t«^&'/'^ !7-tcBi UT5^E LXmtl 

i^moxti^^-ht (N-i) m(on!if)^^-vt^Mcx. 

TV^T. rtL^A;^/1^- M::A;^-r^>3t^f-^Sr^^<^tti 
ti:^.- h[cm< h<DX;hO . y^^-i:^y<DXt^if--V 

h r^: tc-^ti^*tt<@SUo^^:7^/u>5^(DA;'3 
[0 0 2 5] ri^^WiO^iJ'ny^n^^ hS^ei- 

5^5^^^^ (N-1) m<r^i^-fy h-^^XXdi6^ . 30 

^i:m^(omtl^--h{cm<i>(^X^^^ iJ-fy^t. N 

nt)A;^>-K- hlwA;^-r55fem-^^^^LTa;^.-K- K 
\zm<i><ox^^. %y^^ y=^^m<ox:h^^-Vi^iixy' 
f3zry<D^ti^^-h^^fi^fimz%^^ y'f-oyxiiif- 

-V^XX:f^)!^tiif--Vh\^. %y^A y^mn<ov^tiif^- 

(r>ii^%yi\ 40 

10 0 2 61 



iNJfflspi 1- 1 7 8 0 1 8 
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6o :L<hXofi^Mtm\^^\'1^m^(nj-YX\^^ f& 

1 0 0 2 8 1 [^1 (D^momm'] :i(o^mmm(D^ 

- 1 0 c . ^i&m'f- 1 2 a - 1 2 c . ^ 1 ^t;^-^ y"^ 1 
4 3-140. M 2 ^ys^ :>/^ 1 6 a 1 6 c . ^t^gc 
951 8. JSgaStfeSl5 2 0*5<tt;^jSft/^— r^>i/a5 2 2 

I0 0 2 9l5fe-f. i&ig^^*iJ:t;^^13t;^^'^^{co 

Lxn^-tmu^mmxh^o m2\z{t. 5>&«^ioa 

:^XUmitft:^4 yf-l 4 a^^^Ji: LT^^nxi^^o 
[00 3 01 1 0 a (i. 1 flg(7)A/?>K- h 2 4 

a t4m(Da!it}^-h2 6 a~2 6 d ti:Mc^X\^^^. 

1 0 a (i. ZOXtJ^- h 2 4 a (CA;^1-^& 

5>^t7tfi^(^)t«^^^n^*ti<@SUiOtH;f37j<- h 2 6 
a'-2 6 d(C2g< 'bt^X'fc^o 

[003 11 0 a - 1 0 cfi. #>!r(^A:^JK 

-h2 4 a-'2 4 c|cA;^^n5^S^fi7tSr. ^tt-? 

tl\ 5^2^^^ 1 0 a T*fi. A;^JJJ<- h 2 4 a 
:^/\yXl^ 1 2. -;i 3*5<tU«A 4S:^tP«g#^a5t;dSA 

rtie>5^2S^^ 1 0 a - 1 0 c <t LT. i^- 

(0 0 3 21 Sfcy yf-lAs^^l 4c(i. 

4<iO||l N30a'-30d(l: 1<@<75®2 7J^- h 3 

2 <i: 3iBc^^3/-K- h34a'-34ct H@(0*4 4^- 
h3 6 t Am<0^^^ yf-^MZ 8 a --3 8 d iSrJrX. 
TV^5o at:^^ !y^S^3 8 a-'3 8 dH. 1 ©COA:^ 

h^o oSt9. 3t^^ yf-^I^S 8 a-3 8 d(7)#>!r 
rt. 1 X45t^-r :y^T*fc5p ^LT, ^1.1^-^3 0 
a-a 0 d tyty-( :y^S^3 8 a --3 8 d(D7^tin^- 

htom. msn^-hs 4 4 c t^y^^ yf-mm 

3 8 Si^SS d<Dtti:^^s-ht(Dm. ^4>1<-h3 6<t 
9ty^^ yi^mmSS a'^3Sd<Dmt)^^-ht(Dm. *5 
<tU^^2 7K- h3 2<!:^3?K-h34a'-34c<t<7)rBl 
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Sr-tix^'tiifeSai^-e^^ U T & a 0 
I 0 0 3 3 1 mK.\f. m 1 it:^^ v^lAz \t. 

;^7K-b34a-34 c. 3 6 "0 ^J-Jti" 

1 03t{t-^;i>5£ti;^^- h 3 4 b--. l^&^^^^^X 

{f-*;iSffl;^?}^- h 3 4 c-^. i^^Xf^. jS:g^Hr^/^^ 4 
03t<t^:d5ffi;^|;J^- h 3 4 a ^^ih^fi^ti^fi^o 
[0 0 3 41 ^1 y^l4a omm^O^ ^^^^ 

^^3 8 a --3 8 dioJ:TJ«^2/-K-h3 2<b^3xK-h 
3 4 a 3 4 c J:I5|g4 jK- h 3 6 t (001^*15^4 
0§::irX.-CVN5, 3feEll4 0{l. '7f-S^3 8 

a-38ds |g2>K-b3 2:}o^U^|g35K-h34a'- 
3 4 c. ||47K-h3 6PBl^*£^i"6*iliK-Cfe5o * 
y^®^3 8 a'-S 8 dJl. ^-JSSf'-Y^^'V'A. 1 - 
A 4C05fe^S^^7)gSg^. 3feSaj^4 0?rm-r53tSK^^ 

'S^^Ta^^o a^oftf^^ii. at;^-f 5/ 

^S^3 8 a --3 8 d(^);^>r 5'^>'^l*ffiSr@^LTib* 
<o moX. «»l;ttf?t:^-r 5/f-S^3 8 aJCAlt-r^* 

100 3 51 03(1. mi^^^y'^l 4 aO:B:flcW>t 

1 4 a|lSffi9 5(^±lwffM^ixTl/^€)o rcOS«9 5 
60±ci^«(i. *K^lft;t«S«c9 6 <t)tEj»®«( 9 8 <b 

f*^^3 8 a-3 8d;i5|S:itibnri>>5o )lf:ia^«ii^9 
8tcti. 5feSai&4 0;55^(t6^^TV^^o S^SSdlt. 
£fi9 5 o-:&<D$aBi 10 0a t^h^-n(ry^^ l O O b 

ic:bfc«9. ii^Jtfift-c*2:^f^lCi»ll^LT$ife-r5J^S 

C(^^?KJ^1 0 6(^#^il^{m-^ttbnfc3t^H' 
iy^^^lc<t»?. «.)t^^yf"l?^3 8a-3 8d;&tfi^ 

[0 0 3 6] mX.\t. ESf^^-r^^^l 0 6Ji. 

^tfex«a«c 9 6 (ciov^r Y^i^fc5^tt^ne 3 y5> 

^^?-9 3a. 9 3 b:fo<tU^9 3 c2)5f^«9 3Zi^nTl.^ 
5o #3t^'<yf-*^9 3 3-9 3 cfl. 'piJx.(l\ 

mm-^^'i^mt':^^ y'f' m^\txB.2 tie ice 

TRANS. COMMUM. , VOL. E7 7-B, 
NO. 2, p204 (199 4) J TffifiK^tl 
5e wtt(b30(0jt7;-r :y^^^9 3 a-^9 3 c(C<t 
'9. A>3?K-b;i5lo. :^J:U^. ffi:f37K- h:6Mo(7) i 
X 4S3t;^^ y^^m 8 a ^ LTfll^S 



(9) 1#P^¥l 1 - 1 7 8 0 1 8 

[0 0 3 71 i:r5r\ 1 o e^t^h^fi^ti^ 

^ y'f'i 4a\cBm^ti^o 3t:7 7^^n 0 2ii. mm 

9 5 0-:i^(Da8® 10 0a tc@^f&& ((il7S-^-f c ) 

J: *)^«^^nrv>5c -^f::. ^t^^^^/^i o 2?5i<^^g!L 
TV^5S:K9 5t7)jSBl 0 0a \at. ^KSS 1 0 

«LT«ffi9 5 0-:3^0ffiBl OOatrS^o -^rtT. 

10 9 3 a |r^;5^tL5o 

[0 0 3 81 C05t^^ y'fM^S 3 a tt. StSSSS 1 
0 0 a;^*^]^*^-^*^^^! 0 6(^«:?3[II::y»«^?H5 
ffifii::S2:ite>ixTi/^5o *:7 7^/< i o 2 ;i)^^A;'j^n 

iifi^StU^o S^c. -CD*;^^ :yf"m^9 3 a^igrr 
2*l^lc5^<*i-5«jfiK 1 0 6T'li> ^fl^'tinx^Y^ 

^^'^^^ 9 3 b:Jo<J:t)^9 3 c3:i5iStt^tuT\/^5o ^ 
LT. 5tm-^it. r-tLb*:^-^ ^;^^^^9 3 b:ioJ:U^9 

rtl^3t:^-r :y^^T-9 33-930 J: »94a»9C03t 

(0 0 3 91 ^7t. 5feSfii8l«1^9 8i::iott52SiffiKi 0 
6(cJ:t)3feiail4 0;i5«^^tiri^5e rco>t 
E)^4 0(^. ^^-r :y^iim3 8 a-3 8 d. ^2;J^- 
h 3 2 ^m3/K- h 3 4 a -3 4 c . ||4^-h36<>: 
OfBlSr^^-r^^KKl 0 6JCj:t9«fi)c$tl5o fi^Jx. 

i{? 0 0 b <Dm'&(7)itW:'tti:t>^^ 3 h 3 4 a 3 4 

i^ffitClt^CT. 3fem^)5>m3?K-h34a'-3 4c. II 
4 JJ<-- f 3 6 <DV ^-f tV7>^ 1 h ;c:*3!>^tt5o 
[0040] wne>^35}<-h3 4a-3 4c*^<bta:^ 
^n-S^mf-tl. ^tvm3t«^i^SiJi 8i::»7!)>lxT0f^ 

(^S»B1 0 0 h<D^m37f.- h34a-3 4c. m 
4 h 3 6 iC:iott 'SfiMI^^ScK 1 0 6 <D-m*^itl 
40 ^tlBttlLT^^So ^rUT. *^3 h 3 4 a 3 4 
c. ||4?J^- h3 6(^ffig(r. y^^^3 8 a 

- 3 8 d Tif^ ^®^£i-5««tK 1 0 6 ii^^fi^fiM.-^ 5 J: 

[004 ll *3t. «2 7K-h3 2i||3>K-h3 4a 
-3 4 0 <bt7)Pp1;^S^ix-?ixl*O^^S2Sl 0 6(::J: "9^ 
fgg$tlr^^5o wC^iSig^SSl 0 60-5St>*yc. f{il*t:o 
S«S 10 0b CO^m 37K-h34a-'34c (^:tott 

[0 0 4 2] il^oT. gffi«®l 0 0 b(^«-m3 4^- b 
50 34a'-34c {mtCJi. ^tt^r^ix 5 Sg 1 0 6 



n 

/<5 711. «-||3#- h34 a-3 4 c. «4 7K-h3 

6^c^i^'?^^l^:•fofIJ»9STe>nrl/^'6o ^lt. x 

-r:77^y^5 7(0-5S;65®3:ib^J:U^M4^- hfigC: 

f&Irl 0 4SrfflV^-C@g$nSo 
10 0 4 3] StE9 5Jl. JziELfcJ:9{^^K^t& 

•elicit y^g^yf-e^i^^^SK^fflvv 5feiai^^^9 8T 

[0 0 4 4] L/b^jggcgB 1 8 fjc. ^« 1 )fe;^^ y 

-h3 4 a b%2%:^4 y'I'X 6 a 1 #@ 3 
1) :*:5>o^:77^/<(0^'efo5o :L<r)\hi<n\%(Dy r 

[0 0 4 5] Kk\C^ ^^m'T':^XXJ^m2yty^^ 

i^x^-rmnw-mm-r^th^o ia4i;i«. '^urm^i 2 c 

[0 0 4 6] ^jS^^l 2 c(i. 4m(^Xt}^^-ht 1 

m(Oltitiyf^-ht^M.x.x\^^X^ ^n6A;^?K-hi;iA 

ti-r^^m^-^^^i^xmti^^- h{zm< tcorfcSo 

0»Jx.tf . -g-iS^T- 1 2 c fl. 4<®£^A;'?^- h 5 4 a - 
5 4 d <h 1 <@COm;'jJJ^- h 5 6 c ^^;iT:Jo "9 . Ztl 
bA;^jK- h54a-54d tc:A:;^i-^*;m#$:'&RScL 

xmtj7^-h5ec{zm<mm^^Lx\^^^o m^\t. 

r t^^JK^T- 1 2 c i;i At}ni- h 5 4 a (CA:^ 

^Mz^^^^^^^i^X 1 C03fem-^i:.> A;^4<- h 5 4 b 
tsiA;^^tLyh&:&^-t4/^A 2co^ft-§-<t. A;^/?^^-h 
5 4 ctc:A;^^n:tKgf--t^/uA 3<?:>3tfl-^^^ A;^ 

;6S^iS$nfc«fi#fi*^Ui;^7K- h 5 6 c 



(10) f^m^l 1 - 1 7 8 0 1 8 

18 

[0 0 4 7] ifc. ^2 5fe^'l' ^^'^l 6 a-1 6 c(i. 
4 <B<0^ l^-h4 2a~42dtl 2 ^- h 4 

8 t 3j®(0|g3 7K- h4 6 8-4 6 c i: 

h4St 4j@(03t;^>r y'f'^ms 0 a --5 0 d t^M:^ 
Tl/>5p ^7^^:yf^l!^5 0 a-5 0 d(i: 4^1^^ A;;':; 

.-K- h(^i^-fn3!i>lcA;^-t-S7fcft#4rai;'3^- Hcig< 

10 i^^Aity^^ y=rxm^^fi^o ^lt. ^i4^-h4 

2 a'^4 2 d tit^^ ^111^5 0 a 5 0 <\(r>Xf}^- 
-Vt(OWi, ||3^-h4 6 a-4 6 c i3t::^-r :y^B 
^5 0 a -5 0 d<Dffi;^/~K- h^<^)P«1. ^4?J^-h4 8 
•;/f-S^5 0 a-S 0 d(0{ii;^)5^<- h<l:<7)r«l 
ioctU^^2v1f- h4 4 t®3 4<-h46a-46c^<7:) 

[0 0 4 8] »2)tX>r :y^l 6 c O^^lcof ^ ibiC 

0 a-5 0 d^^XJ^^2^- h 4 A t^3yf^- h 
20 4 6 a-4 6 c i8 J; 4 tK- h 4 8 ^irCOrai-^tifiSI 5 
2^^x.rv>5o 3ti2i^5 2H. «-^;^^>;/^^^5 0 
a-50d. M2;J^-|>4 4:iSj:U^m3^-h4 6a- 
4 6c. ^4 5j<-h4 8PBlS:^^f ^)t^SST*fo6o 
:^-r!yf"5l^5 0a'-5 0d(l. ^tffiigl 5 2 «r«^1"5 

[0 0 4 9] ifti. m2^y^-(y^l ea-l 6c<!rL 
30 -^^m^^ 1 2 a 1 2 c t>5>iS^i^ 1 0 a - 1 0 c 

(0 0 5 0) K:g^mSP2 0O«^rg|CO#. 115 

3m(omt}^^-ht^Mr^x\^^x. rn^A;ti>i^- 
A;^-r55tffi-^(7)jSft^^^>/i-^^MLr^;^cotti^/i^ 

. -Mw^< tc/^T*fo^o JKS^^^SJ 2 0 11, iK^^^^ 
40 h9 2<b^33fe^'<^/^7 2i(;ict*:)«^*nTl/> 

5o h 9 2 fl. H®cO;^:$7-;<7y^6 6 

4f@(7)«J^7.f 6 8 a -6 8 d dr. 4<@Oj6g 
^i^^T- 7 0 a - 7 0 d ttcj: «9«^^:h.^o 
[00 5 1] ±ai<^;^:?-:^>^7 6 6(l. 4fliOA;'JJK 
-H74a-'74d,i:4 h76a-'76d 
t^M^^X^^X. C^X<bA^J5^<-h7 4 a-7 4 dl::A 

y<y-\zm LT^ia UTffi;'3/ie- h76a'-76d<7)^ 

50 A;':J'1^- h 7 4 3-7 4 d(D^^{zAti^tii>^im- 
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766 (O^tiif-- h 7 6 a 7 6 d 
[0 0 5 2] pr^7^/U^5' 6 8 a'-6 8 dO^^ 

6 8 a --^e 8 dc^A;^^^— hfl. y^^—fi^y 6 6 
h 7 6 a-7 6 dtc:-en-€tb3t:7r^/<*5J: 

pT^y^/i-^ 6 8 a-^e 8 dii. y^^—io:fye>e> 

(Dmf)^^- H 7 6 a~7 6 d;6^e>ffl;^J^n5i^S#fi^ 
1 0 0 5 3 1 * fc. jSg^^^^ 70a-70d|l. 1 

mb«-i^ft^m^i^7 0 a-7 0 dOA;^I4^- 
Ml. ^'5T|g7-<>'U^ 6 8 a-e 8 d(Dm:;^/1^- htw-t 

-^^tirv^So m^«S^ife^-?^7 0a-7 0dt;:j: 

;h.(fs 'sr^7^/l'i5' 6 8 a -6 8 d;i)^f3ffl;t?$Ke7t1S 

[0 0 54] Sfc. ^3 3t;^>f 5/^7 2(1. 4ffl(^A;^l 
7K-h78a'-78d(b3 m<0^ti^^— h 6 0 a - 6 0 
&b^^7LX\^X. -tibA:^'K-h7 8 3-^7 8 dl:: 
AJ^J-r ^3tm-^lr^^C0ta:^'K- h60a-60ci;:« 
<t(;>-C*?So r(7)«^«iJ<OlS35t^-r:xf'7 2tl. 4 
i@<7)3t^-r y'T^m^ 0 a '-8 0 d tzm<^i^^y 8 2 
^^S2ct^^7LX^^^o •;/^^^8 0 a'-8 

Odil. lfi(OA;^3j<-hi:3e<7)ffi^i7}^-hiSrAx 
Tv^r. roA*'i^-M-A;^"r53tft^«r3f:£<^m;t( 
7K-h{c^< 1 X 3^;^^ -/^T*^b6o :^7'78 2 a- 
8 2ctl. 4fi<DA:^?J^- hi l<®(7)ffi;^7j<- hi:<S:;ir 
;tTV^T. rtte>A>J#-McA;^-r^3tfi^^^^t 
Ta3:^^K-h(c#< 1 x43t:^-<^;/5"T-*>^o :y 

8 0 a ~ 8 0 d (O^ti^-- h<h;^7'y82a'-8 
2 c(DA;^^-h^^7)rB^H, 3feia^8 4tCci:»9*^^Lr 
fe^o ^tis y^^mso 2l-^S0 dOXtiif^- 

V^knti-fy^ 2 a -8 2 c (Dffi;^)7K- b Sr^ix^'H 
%Zity^^ 7^7 2<7)A/I^- h 7 8 a- 7 8 dioilU? 

[00 55] rf0^3 7t7:^:y^7 2f?DA:/j^K-h78 
a - 7 8 d 7 0 a - 7 0 d (Offi;fj7K- 



(11) 1 - 1 78 0 1 8 

y 6 6(DAt}yi<- h 7 4 a - 7 4 d J:U^^ 3 ^i^-f 
f-7 2(7?ab;t/?}f-b?r-tn^*ixjeg:^tfe&B2 0(;)A;^^ 
-hSSa-SB dioJ:t/ttS;b3J<- heOa-GOct 

[0 0 5 61 «±lftPJL/iJ^ft^^$15 2 0(rJ:iiH\ A 
h5 8 a~5 8 d{ZAt}i'^^it^(7)i&9:^^^ 
>'U*^5E LT. ^^C0ili;^j5t?- h60a'-60clc5g< 
rt^^Tt^o wlX^A^)5K-h5 8a~5 8d<7)«-* 

Jis «i5fe;=^^-yf-i4 a(DnA7f.-h3e{z-mm 

h 5 8 a-- 5 8 d<D^^\t. W>l%y^^ 4 

a<o|g2 3K-h3 2\z-mm^'t^M-^^i 0 etc. 
^:yi$?rr^>^'>3 >9 4 a^^J:'9^;f^'?;^^*^^$tlrl/^ 
t*oT. mi3t:^-f :y^l 4 atD^4/1<- b 3 6 

?)ffi:^$tt53tll^n. i£g^«lSP2oo^:£(^A;^:^ 

-bS 8 a-S 8 dtC^^'^n^o ^fc. ^^^^n2 0 
(O^tir-- h 6 0 a-6 0 ct^h\iLti^tl^it\t^\t. 
^iyty-( y^l 4 a<7)M25j^-h3 2(C#7Ji^tl^o 
20 [0 0 5 7] ioT. ^iS^^lOa. ^l^y^-f^^ 

i4a*5J:u?i^ft^mgP2 0O««lwi:0. ^1*;^^ 

1 4 a (Om'&<om 3JK-h34a'-34c \Lm'^<^ 
[0 0 5 8] ^$:iw. ^ > ^§5 2 2 (^^rKICO 

lil6*#flatTlftWi-^o men. jSfS/i---x^v 
^^(om^^yv^'t^^mx'hh. jfiS/u-x^ v^gl5 2 
iO 2J1. 3^coA;':;/l<-- h 6 2 a -6 2 c <^ 4<lii^ffi;'j^ 
— h6 4 a-e 4 d ^Sr:ir;tTV>T. ;^tbbA::^5J<— b 
6 2 a - 6 2 c (CA;^^-^ Jt«-^Sr^;£<^ffi:^>J^- H 6 
4 a --6 4 dtC2^< t^TfeSo 

=^^^5^ higgr-ti. ScS/u-v^H' v^gp2 2<t tr^4 

3eoA:/35K- h 6 2 a'-e 2 c f:4<B(7) 
£tJ;^2K- h 6 4 a'-e 4 d <!r5r:irX.Tl^T. rti^A;^ 
>Jf-h62a'-62 c(^A;^'t-^)feft#^^^tr^^ 
C0tti;^?i^-h64a-'6 4d(C2g< t<^T*fe'5o 
40 [0 0 5 9] rcD|g4*;^-f ^f-n. 3<@(7)*;^>r 7^ 
86a--86c<l:4 ^(nti 7'y88a-'88dil-- 
J:'9^^$nrv>6o )t^^:v^S^8 6a'-8 6c 

roA;^7K-ncA:/:^1-^*ff#^^^i^tt5;^^-- 

ht;i^< t)<?)-Cfe6o :^7'78 8 a-8 8 da. Sfi^O 

A;t;^- h(c:A;^i'r5*fI^^^^trai;^/^- hi^^S 

<t(7?T-$>'5. 5t;^^'y^ll^8 6 a'-8 6 cCDA:^2K 
-hiBcfct^^T'yS 8 a -8 8 dcom;^7K-h?:. 
50 ^*tb^4 3t^^^y^<7)A^i?J^-h*5J:t/{ti:^3i^-h«b L 
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[0 0 6 0] EJL±raLfcffi[:g:/U-x^yi/«l5 2 2tCj: 

h 6 4 a -6 4 dlC#< :i t/&^T*^^o - 
ixe)A;^4^-h6 2 a'-e 2 ccD^^ij:. ^23^^-^-;' 

Jfi^ft;u-x>i'^^i/^2 2(7)ai;^/-K-h6 4a 
-6 4 dCO^^fi. ^2 3fe^^2/f^l 6 c<7)|g4;K- h 
4 8lc-dS;is»ai-r52»jSKi-. ^rv^ri^^iJ^v'g^^S 
4 ci;iJ:t9-?:iX'?ix^'g^$ix-Cv^5. «eoT. ^2)t;^ 
^ >y^l 6 cC0^2/1^- h4 4;6>ti±l;^$tl.^^ff-^ 
li. ^S:/i^-r-^ y^^Z 2(Dm^(^Atl^^- h e 2 a 
^62 c\cm^fl^o ift. j^g/U- 'r-Y>'^a5 2 2(7) 
ffiA^-h64a-'6 4d?i^e>ffi;^^:h.^A{t-§'{l. ^ 
2*::^^ 6 c(7)^4^- h4 8lC^75^tu6o 

I 0 0 6 1 1 ftg^^SP 2 0 (Dai;tJ55^- h 6 0 a 

-6 0 c*>bffi;^Lfc3tm^;6^ 5^^1.4 a 

(Dm2:^^-h3 2ioJ:U^^2 5t:^^ -/^l 6 com 2^ 
-h4 4^ST. JSft/l--r->r >'i5^giJ2 2C0A;^>i<- h 
6 2a-'6 2ctcA;tf'r'5<t9t-«^tTfc^o i^o 

±i!iLfc^jS^-?^l 2 c. m2^7s^^y^l 6 c:fc 
J:t>*Kft/i--r^ v>5^gI52 2(Dmm:^Xti\f. m'^(Di^ 
^^^^^J\^(Ditm^t*-W>2%:^^ 6c<Dm4^s- 

mZyf--hA 6 a -4 6 c t^A;^ ^ tl^Jfeff^iS'^^ 

-So ^yf-H^S 8 a'-S 8 d{rJ:»9. j^ft^i^L 

;<.^-:^/y^6 6T*?E^^ti.fc^. ■5Ti£7^yW>?'6 8a 
-6 8 dioJ:Ui?Kft^m^i^7 0 a-? 0 dicj:!), 

5t^-f :yf-g^8 0 a-S 0 dJiiJ;^}. ffi:^^- h 6 0 
a-e 0 c;ii5)l«^$ti. ;^:/78 2 a-8 2 c-C^JS$ 
ix^o ^<7)^. ffl;^?j}?-h6 0a'-6 0 cSc^J-cOy^r-f 
^<1^Xh^^ \/B >9 4 a 4o<t O^JtKiS 4 0 

Sriior^^C0^3/1^-- h34a'-34c t::?S7!i^tl. r 

>f:yf'16a-'16c tJI^A;^ L;^ciSfi^«^5t*^. ^tlB 
ms 2:tsXXf^>'$f=i^^y3>9 4 d^mx. 
:yf'S^8 6 3-8 6 c{rA;^i-^o ^ LT, ;^7^7 8 

yff::i^^i/sy9 4 c. TtSfiUS 2 *5 J:l>'7fe^^ 
H^SOa-SOd Sri^T. -g^&S 1 2 a - 1 2 c l;i J: 
'9?Sg#S^ttfc?i. Eff^<7)ttS:^7K-h5 6a~5 6c 



(12) 1 - 1 7 8 0 1 8 

[0 0 6 3] ^iTfe^^-r-y 
f*l 4 a -1 4 c<^3t^^ yf"g^3 8 a - 3 8 dlCi 
m4.1^--h3 6ib^J:i;fiSfi^^8l52 04rSTlw. m 
34f-HIl|3 4a-3 4 c(Cg|«?iaSix5o "t^i^. ^ 
\ Ei^^UW,2%^^ V'^l 6 a-l 6 c^riio 

10 0 6 4) y.±lft^tfcJ:5i::«lR!cLT&^)OT\ r 
6 8 a -6 8 d tiK:gfE«l^^7 0 a - 7 0 d <bom 

^^70a'-70d xmtir^^^'f^^^-f^towt'^iz 

[0 0 6 5] 5Ji^^T-s miTfe;^^ Tti^i^ 
l?2)fe;^^i/^isJ:U^^iS^^i-J:<9t6ft^m^tt 

gP2 0:fcJ:U^^fi>'W'-^^ V^$iS2 2^:lSti-nH\ ^Kft 

10 0 6 61 ?Sfi^mSP2 0^«^'r^ll3^:^ 

^y^7 2t. jftfi/U— r^^^:/SU2 2S:fll^S-rS^4 

[0 0 6 7J [m2(o%mmm'] %^^^'='^ 

^^^^ V^m<^%2m^^yr^'tm^mx-h^. :l<d^^ 

c . ^^m^ 1 2 a - 1 2 c . mi 1 0 8 a 

-1 08 c. %2%7.4y^\ 1 Oa-l 1 Oc. *ft 

1 8 ^^.nwL^m^u m&^i^^^ ^yh9 2) ^ 
Ax-Ti^^p ^^m^ 1 0 a - 1 0 c . 1 

2 a - 1 2 c ie.tt;)ti«g£S|i 1 8 tcol^Til. Ig 1 «l3c 

tm\:^i^(Di:m\i^x^^^<nx\ imi:m^'t^o 

[00 6 8] m 1 ^y^4 ^;'^108a-108c 

ico#, !ii8^#fiBLTaw-r^o ms\t. 

:yf-l 0 8 aJiiacoflt^Sr^'fspBllT-fcSo ^1*^ 
^0 5/^ 1 0 8 a ti. 4iB^^ 1 hi 1 2 a - 1 1 2 
d t 4fliC0^2 7j^- Ml4a'-114dt 3<®(^^3 
;je-Ml6a'-116c<tl j@cD»4 M 1 8 i 
S::i:XTV>-5, S?^. ^l^;^^::/^-! 0 8 afi. 4fi 
<??^13fe^^ 20a-'120d<i: 4iac0||2 

^t^-r y^S* 1 2 2 a - 1 2 2 d t 3<a(^;<; 7^71^ 1 
24a'-124c i: *;ir;tTl^5c 
[0 0 6 9] ±ili(^^ 1 y'f'^m 1 2 0 a - 1 2 

Odti. H@<OA;(jjK-hit4fi<5Dffl:^jK- hctSrAx. 
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2 2 a-l 2 2 dli. lU^KtiTf^- V t ^m^^VAt}^^ 
[0 0 7 01 ifc. i3:/'7U \ 2 4a'-l 2 4 c C0#^ 

2e(DXti^--h\C\t. mitlt:^^ y'^^^l 2 0 a- 

1 2 2 a-l 2 2 (if)^h\i^f3^i\^i>%\t^tfi*^Kt}i'^ 

2 Oa<^l#gOffi;^7jf-b^S3t;?77^7»l 

2 4a Srflt^i-^ 1 #@ <D||1 1 2 6 (0-:&<DA 

\t. m2^7s^ y^^mi 2 2 a(7>lSBt7)ffi;^^-h 
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